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(54) LASER DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser device which has a simple 
structure, is easily kept high in alignment accuracy when it switches from 
one wavelength to another, and is capable of efficiently projecting a laser 
beam of different wavelengths. 

SOLUTION: This laser device projecting a laser beam of different 
wavelengths is equipped with a laser oscillation source, a first resonance 
optical system which oscillates a first laser beam by the resonance of a pair 
of resonant mirrors arranged as they sandwich the laser oscillation source 
between them, a plane mirror, an inserting means which moves the plane 
mirror in the plane direction so as to insert it into or pull it out from the 
optical path of the first resonance optical system, and a second resonance 
optical system which uses a resonance optical path on a laser oscillation 
source side in common with the first resonance system when the plane 
mirror is inserted into the optical path and oscillates a second laser beam 
different from the first laser beam by the resonance of its exclusive 
resonant mirror arranged in the reflecting direction of the plane mirror. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] Laser equipment which is characterized by providing the following and which carries out outgoing radiation of the laser 
beam of different wavelength A source of laser oscillation The 1 st resonance optical system which oscillates the 1st laser beam 
by resonance of a mirror for resonance of a pair arranged across this source of laser oscillation A plane mirror The 2nd 
resonance optical system which oscillates the 2nd laser beam which differs from said 1st laser beam by resonance of a mirror for 
resonance of dedication arranged in the reflective direction of the plane mirror while sharing a resonance optical path by the side 
of said source of laser oscillation in said 1st resonance optical system with an insertion-and-detachment means make move this 
plane mirror in the direction of a plane, and insert between optical paths of said 1st resonance optical system, by insertion to an 
optical path of said plane mirror 

[Claim 2] Laser equipment characterized by having a wavelength sensing element arranged at least at one side of an exclusive 
optical path of said 1st resonance optical system or the 2nd resonance optical system in laser equipment of claim 1. 
[Claim 3] It is laser equipment characterized by being the rotation drive rotated to the circumference of a shaft with which the 
plane and said insertion-and-detachment means cross said plane mirror at right angles in laser equipment of claim 1. 
[Claim 4] It is laser equipment of claim 1 which is equipped with the following and characterized by an insertion-and-detachment 
means of said 1st plane mirror and an insertion-and-detachment means of said 2nd plane mirror having the rotation drive which 
rotates to the circumference of the shaft centering on a common shaft which intersects perpendicularly with a plane of each 
plane mirror. The 2nd different plane mirror from the 1st plane mirror which constitutes said 2nd resonance optical system A 2nd 
insertion-and-detachment means to be the 2nd insertion-and-detachment means which moves this 2nd plane mirror in the 
direction of a plane, and to insert in a different location from said 1st plane mirror between optical paths of said 1st resonance 
optical system The 3rd resonance optical system which oscillates a laser beam which has the mirror for resonance of dedication 
arranged in the reflective direction of the plane mirror, and is different from said 1st and 2nd laser beams while sharing a 
resonance optical path by the side of said source of laser oscillation in said 1st resonance optical system by insertion to an 
optical path of said 2nd plane mirror 

[Claim 5] It is laser equipment characterized by inserting respectively in a resonance optical path in laser equipment of claim 4 
with an insertion-and-detachment means by which said 1st plane mirror and 2nd plane mirror are the same. 

[Claim 6] Which laser equipment of claims 1-5 is laser equipment characterized by having a detection means to detect an output 
of a laser beam to oscillate further, and an angle modification means to change whenever [ angle-of-reflection / of a plane mirror 
inserted into said 1st resonance optical path based on this detection result ]. 

[Claim 7] It is laser equipment which is a solid-state-laser medium with an oscillation line of two or more peak wavelength with 
which said sources of laser oscillation differ in laser equipment of claim 1, and is characterized by arranging a wavelength sensing 
element for acquiring the 2nd higher harmonic of an oscillation line different, respectively as a laser beam to said 1st optical 
system and 2nd optical system. 

[Translation done.] 
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* NOTICES * 



Japan Patent Office 10 not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the laser equipment which can choose the laser beam of 

two or more wavelength, and can be oscillated. 

[0002] 

[Description of the Prior Art] Argon die laser with the wavelength of a laser beam strange good as laser equipment in which 
outgoing radiation is possible, the krypton laser of multi-wave length, etc. are known in the laser beam of the wavelength from 
which plurality differs. These are used in various fields, such as the medical fields, such as an ophthalmology operation from 
which the wavelength for which it is suitable for the affected part or the therapy purpose differs, for example, the therapy of the 
disease (affected part) which changes with differences in wavelength (color) centering on a visible region in an ophthalmology 
operation — carrying out — **** — a disease (affected part) — red and which different green wavelength (color) — 
coincidence — or also when using it switching, for a certain reason, it is convenient that the outgoing radiation of the wavelength 
from which plurality differs with one equipment can be carried out By the way, the wavelength adjustable laser therapeutic 
device mentioned above is a gas or die laser, and since there are many problems — that a laser tube is a short life, needing great 
power, and equipment is enlarged — the laser equipment by solid state laser in which a multi-wavelength oscillation is possible is 
studied. As shown in Japanese Patent Application No. No. 248714 [ 2001 to ] by the inside of such a background, for example, 
these people, by making it insert [ members /. such as a mirror, / optical ] in a resonance optical path, a resonance optical path 
is changed and the way it performs wavelength selection is proposed. 
[0003] 

[Problem(s) to be Solved by the Invention] In Japanese Patent Application No. No. 248714 [ 2001 to ], the factor which bars 
alignment precision shall be lessened by lessening the number of the optical members driven at the time of a wavelength change 
as much as possible. However, when it is going to raise alignment precision further, it is necessary to take into consideration the 
repeatability of the halt location accompanying insertion and detachment of the optical member to drive etc. 

[0004] In view of the above-mentioned trouble, this invention makes still easier reservation of the alignment precision at the time 
of a wavelength change with a simple configuration, and makes it a technical technical problem to offer the laser equipment in 
which outgoing radiation is possible for the laser beam of the wavelength from which plurality differs efficiently. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, it is characterized by equipping this 
invention with the following configurations. 

It is laser equipment which carries out outgoing radiation of the laser beam of different wavelength. (DA source of laser 
oscillation. The 1st resonance optical system which oscillates the 1st laser beam by resonance of a mirror for resonance of a pair 
arranged across this source of laser oscillation. A plane mirror and an insertion-and-detachment means to make move this plane 
mirror in the direction of a plane, and to insert between optical paths of said 1st resonance optical system, While sharing a 
resonance optical path by the side of said source of laser oscillation in said 1st resonance optical system by insertion to an 
optical path of said plane mirror It is characterized by having the 2nd resonance optical system which oscillates the 2nd laser 
beam which differs from said 1st laser beam by resonance of a mirror for resonance of dedication arranged in the reflective 
direction of the plane mirror. 

(2) In laser equipment of (1), it is characterized by having a wavelength sensing element arranged at least at one side of an 
exclusive optical path of said 1st resonance optical system or the 2nd resonance optical system. 

(3) In laser equipment of (1), it is characterized by said insertion-and-detachment means being a rotation drive made to rotate 
said plane mirror to the circumference of a shaft which intersects perpendicularly with the plane. 

(4) The 2nd different plane mirror from the 1st plane mirror which constitutes said 2nd resonance optical system in laser 
equipment of (1 ), A 2nd insertion-and-detachment means to be the 2nd insertion-and-detachment means which moves this 2nd 
plane mirror in the direction of a plane, and to insert in a different location from said 1st plane mirror between optical paths of 
said 1st resonance optical system. While sharing a resonance optical path by the side of said source of laser oscillation in said 
1st resonance optical system by insertion to an optical path of said 2nd plane mirror It has the mirror for resonance of dedication 
arranged in the reflective direction of the plane mirror. It has the 3rd resonance optical system which oscillates a different laser 
beam from said 1st and 2nd laser beams, and an insertion-and-detachment means of said 1st plane mirror and an insertion-and- 
detachment means of said 2nd plane mirror are characterized by having the rotation drive which rotates to the circumference of 
the shaft centering on a common shaft which intersects perpendicularly with a plane of each plane mirror. 

(5) In laser equipment of (4). it is characterized by inserting respectively in a resonance optical path with an insertion-and- 
detachment means by which said 1 st plane mirror and 2nd plane mirror are the same. 

(6) (1) Which laser equipment of - (5) is characterized by having a detection means to detect an output of a laser beam to 
oscillate further, and an angle modification means to change whenever [ angle-of-reflection / of a plane mirror inserted into said 
1st resonance optical path based on this detection result ]. 

In laser equipment of (7) and (1 ). said source of laser oscillation is a solid-state-laser medium with an oscillation line of two or 
more different peak wavelength, and it is characterized by arranging a wavelength sensing element for acquiring the 2nd higher 
harmonic of an oscillation line different, respectively as a laser beam to said 1st optical system and 2nd optical system. 
[0006] 
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[Embodiment of the Invention] Hereafter, the gestart of operation of this invention is explained based on a drawing. 
The <example 1> example 1 explains two waves of laser beams using the equipment oscillated alternatively- Drawing 1 is the 
external view of the laser photocoagulator for ophthalmology which uses a slit lamp. Drawing 2 is the optical system and the 
control-system schematic diagram of equipment. 1 is a main part of laser equipment and a part of light guide optical system for 
carrying out the light guide of the laser oscillation machine 10 and laser beam which are mentioned later to the affected part of a 
patient eye, and irradiating them, and control-section 20 grade are contained. 2 is the control section of equipment and the 
various switches for carrying out the setting input of wavelength selection switch 2a and the laser radiation conditions which 
choose the wavelength of a laser beam are formed. 3 is a foot switch for sending the trigger signal of laser radiation. 4 is a slit 
lamp and it has a part of observation optical system for observing a patient eye, and light guide optical system. 5 is a fiber for 
carrying out the light guide of the laser beam from a main part 1 to the slit lamp 4. 6 is a stand for moving the slit lamp 4 up and 
down. 

[0007] drawing 2 — it is, and 10 is a laser oscillation machine and the interior is equipped with the Nd:YAG crystal (only 
henceforth a rod) 11 which is a solid-state-laser medium as a source of laser oscillation, the semiconductor laser (only 
henceforth LD (Laser Diode)) 12 which is the excitation light source, the nonlinear crystal (only henceforth NLC (Non Linear 
Crystal)) 13a and 13b which is a wavelength converter, total reflection mirrors (only henceforth HR (High Reflector)) 14a-14d, 
and the output mirror 15. In addition, as nonlinear crystal, a KTP crystal, an LBO crystal, a BBO crystal, etc. are usable, and the 
KTP crystal is used with this operation gestalt, 

[0008] A Nd;YAG crystal emits light with two or more oscillation lines (peak wavelength) of a near-infrared region by the 
excitation light from the excitation light source. So, with the equipment of this operation gestalt, outgoing radiation of the with a 
colors (about 532nm (green) and about 659nm (red)) of two laser beam is carried out by generating the second harmonic in the 
oscillation line which is two which are about 1064nm with a high output and about 1319nm among two or more oscillation lines 
using nonlinear crystal. 

[0009] HR14a is prepared in the end of the optical path of the optical axis L1 with which a rod 1 1 is arranged, and the output 
mirror 15 leans only a predetermined angle to the other end. and is prepared in it. Although HR14a has the property of total 
reflection to the wavelength of 1064nm and 1319nm, it may not restrict to this and you may have the property that the 
wavelength of the infrared region containing the wavelength of 1064nm and 1319nm is reflected widely. The output mirror 15 has 
the property which penetrates 532nm and 659nm while carrying out total reflection of the wavelength of 1064nm and 1319nm. On 
the optical axis L2 of the reflective direction of the output mirror 15, NLC13a and HR14b are fixed and it is prepared. To the 
wavelength of 1319nm, NLC13a is arranged so that the wavelength of 659nm which is the second harmonic may be generated. 
HR14b has the property of total reflection to 1319nm and 659nm. 

[0010] It is possible to carry out outgoing radiation of the 659nm of the second harmonic which the 1st resonance optical system 
which has the resonator structure of a pair where HR14a of an optical axis L1 and HR14b on an optical axis L2 counter on both 
sides of a rod 1 1. by such optical arrangement is constituted, and is generated by NLC13a from the output mirror 15, without 
being prevented with a rod 1 1 . In addition, when the effect of aberration is taken into consideration, the narrower possible one of 
the angle (whenever [ angle-of-reflection ]) which an optical axis L1 and an optical axis L2 make is desirable. 
[001 1] Moreover, between the output mirror 15 on an optical axis L2, and NLC13a, HR14c which is a plane mirror is arranged 
possible [ insertion and detachment ]. HR14c has the property of total reflection to 1064nm and 532nm. On the optical axis L3 of 
the reflective direction of HR14c. NLC13b and HR14d are prepared fixed. To the wavelength of 1064nm, NLC13b is arranged so 
that the wavelength of 532nm which is the second harmonic may be generated. HR14d has the property of total reflection to 
1064nm and 532nm as well as HR14c. 

[0012] When HR14c is inserted on an optical axis L2 by such optical arrangement, HR14a of the 1st resonance optical system, a 
rod 11, and the output mirror 15 are shared, and the 2nd resonance optical system from which HR14a and HR14d serve as a 
resonator of a pair on both sides of a rod 1 1 is constituted. Insertion and detachment of a up to [ the optical axis l_2 of HR14c ] 
are performed by insertion-and-detachment equipment 30. Drawing 3 is the schematic diagram having shown the configuration of 
insertion-and-detachment equipment 30. 

[0013] 31 is a driving means and uses a stepping motor in this example. Moreover, a driving means 31 should just be the object 
which can perform control of not only a stepping motor but angle of rotation. The shank 32 is joined by the driving means 31 
through the joint material 33, and a shank 32 rotates by the drive of a driving means 31. Moreover, the mirror holder 34 is 
attached in the shank 32 by whenever [ predetermined axial-angle ] to the axis of rotation. Furthermore, HR14c is attached in 
the mirror holder 34 so that the plane of the reflector may become right-angled to the axis of rotation of a shank 32. With the 
insertion-and-detachment means 30 equipped with such a configuration, it will be moved in the direction of a plane in rotation 
actuation, and will insert [ c / HR14] on an optical axis L2. 

[0014] Moreover, by such rotation actuation, when HR14c is in the location of the continuous line shown in drawing 3 , the 2nd 
resonance optical system is formed, and when HR14c is in the location (location where an optical axis L2 does not hit the 
reflector of HR14c) of the dotted line shown in drawing 3 , the 1st resonance optical system will be formed. 
[0015] The actuation is explained in the laser photocoagulator equipped with the above configurations. 

The <outgoing radiation method of 659nm laser beam> way person makes the color (wavelength) of the laser beam used for an 
operation red (659nm) by wavelength selection switch 2a. At the time of red selection, HR14c is the location of the dotted line 
shown in drawing 3 . and it is placed out of an optical axis L2. Outgoing radiation control of a laser beam uses a foot switch 3, 
is performed by giving the trigger signal of outgoing radiation to a control section 20. If a trigger signal is received, a control 
section 20 will carry out the seal of approval of the current to LD12, and will excite a rod 1 1 by LD12. In addition, AR (Anti 
Reflective) coating is performed to the both-ends side of the Nd:YAG crystal which is a rod 1 1 so that permeability may be 
raised to 1064nm and 1319nm. If a rod 1 1 is excited, between HR14a and HR14b, 1319nm light will resonate and wavelength 
conversion will be carried out by NLC13a further arranged on an optical axis L2 at the 659nm light which is the 2nd higher 
harmonic. The obtained G59nm laser beam penetrates the output mirror 15, and a light guide is carried out to a fiber 5. And it 
glares towards a patient eye from exposure opening of the slit lamp 4. 

[0016] The <outgoing radiation method of 532nm laser beam> way person makes the color (wavelength) of the laser beam used 
for an operation green (532nm) by wavelength selection switch 2a. A control section 20 makes insertion-and-detachment 
equipment 30 drive, and locates HR14c on an optical axis L2 (continuous line location of drawing 3 ). Moreover, by the trigger 
signal from a foot switch 3, a control section 20 carries out the seal of approval of the current to LD12, and excites a rod 1 1. If a 
rod 11 is excited, between HR14a and HR14d, 1064nm light will resonate and wavelength conversion will be carried out by 
NLC13b further arranged on an optical axis L3 at the 532nm light which b the 2nd higher harmonic. The obtained 532nm laser 
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beam penetrates the output mirror 15, and a light guide is carried out to a fiber 5. And it glares towards a patient eye from 
exposure opening of the slit lamp 4. 

[0017] In addition, although it shall move in the direction of a plane and shall insert [ c / HR14] on an optical axis L2 by rotation 
actuation above, this is good also as a device by straight line migration. If the optical axis L2 has hit the reflector of HR14c even 
if a gap of the halt location of HR14c occurs for such a configuration, the reflected light will always be located on an optical axis 
L3. Therefore, the alignment precision at the time of forming the 2nd resonance optical system according to the drive error of a 
driving means 31 etc.. even if an optical axis L2 is not located at the center of the reflector of HR14c will be secured, and laser 
oscillation will be performed efficiently. 

[0018] <Example 2> An example 2 explains three waves of laser beams using the equipment oscillated alternatively below. It is 
drawing in which drawing 4 shows the optical system and the control-system schematic diagram of equipment, and drawing 5 
shows the configuration of insertion-and-detachment equipment 30'. What has an example 1 and this function here attaches a 
same sign, and explanation is omitted. With the equipment of an example 2, outgoing radiation of the with a colors (about 532nm 
(green), about 561 nm (yellow), and about 659nm (red)) of three laser beam is carried out by generating the second harmonic in 
three oscillation lines, about 1064nm, about 1123nm, and about 1319nm, using nonlinear crystal. 

[0019] HR14a' is prepared in the end of the optical path of the optical axis L1 with which a rod 1 1 is arranged, and output mirror 
15' leans only a predetermined angle to the other end, and it is prepared in it. HR14a' has the property of total reflection to the 
wavelength of 1064nm, 1 123nm. and 1319nm here. Output mirror 15' has the property which penetrates 532nm. 561 nm, and 
659nm while carrying out total reflection of the wavelength of 1064nm, 1123nm, and 1319nm. 

[0020] In addition to the optical member shown in the example 1, in the example 2, HR14e. HR14f. NLC1 3c, and the wavelength 
selection element 60 are added. HR14e is arranged possible [ insertion and detachment of on an optical axis L2 ] between the 
location where rt inserts [ c / HR14], and NLC13a. Moreover, on the optical axis L4 of the reflective direction of HR14e, NLC13c 
and HR14f are prepared fixed, HR14e and HR14f have the property of total reflection to 1 123nm and 561nm here. To the 
wavelength of 1123nm, NLC13c is arranged so that 561 nm which is the second harmonic may be generated. By using such a 
configuration. HR14a of the 1st resonance optical system, a rod 11. and the output mirror 1 5 are shared, HR14a and HR14f serve 
as a resonator of a pair on both sides of a rod 11, and the 3rd resonance optical system is formed. 

[0021] Moreover, insertion-and-detachment equipment 30' for making it insert [ e / HR14] on an optical axis L2 uses a 
configuration as shown in drawing 5 . Insertion-and-detachment equipment 30* shown here is that by which the mirror holder 35 
and HR14e joined the insertion-and-detachment equipment 30 shown in the example 1. The mirror holder 34 and the mirror 
holder 35 are respectively attached in the location where it differs on a shank 32 by whenever [ to the axis of rotation of a shank 
32 / different axial-angle ]. Moreover, both HR14c and HR14e are plane mirrors, and are respectively attached on the concentric 
circle centering on the axis of rotation at the mirror holders 34 and 35. 

[0022] In addition, he is trying, as for attachment of HR14c and HR14e, for the reflector to become a right angle to the axis of 
rotation like an example 1. Moreover, as for a change, it is desirable to lessen the drive error according HR14c and HR14e on an 
optical axis L2 to rotation as much as possible. Therefore, the installation angle (whenever [ axial-angle ]) of the mirror holder 35 
to the mirror holder 34 attached in the shank 32 is made small to the degree acting as [ when designing resonance optical 
system ] a failure. 

[0023] In the laser photocoagulator equipped with the above configurations, an oscillation and the actuation which carries out 
outgoing radiation are explained alternatively three waves. What is necessary is just to remove HR14c and HR14e from the 
optical axis L2 using insertion-and-detachment equipment 30', when carrying out outgoing radiation of the 659nm laser beam. 
Moreover, what is necessary is for a 532nm laser beam just to locate HR14c on an optical axis L2 using insertion-and- 
detachment equipment 30', when carrying out outgoing radiation, an oscillation and. At this time, it will separate from HR14e from 
an optical axis L2 automatically (when HR14c is put on the location of a continuous line in drawing 5 ). Moreover, what is 
necessary is for a 561nm laser beam just to locate HR14e on an optical axis L2 using insertion-and-detachment equipment 30', 
when carrying out outgoing radiation, an oscillation and. At this time, it will separate from HR14o from an optical axis L2 
automatically (when HR14f is put on the location of a dotted line in drawing 5 ). 

[0024] Thus, by performing three waves of changes by one insertion-and-detachment device, compared with using two or more 
insertion-and-detachment devices, alignment precision improves further and efficient laser oscillation becomes possible. 
Moreover, since it is a simple configuration, cost can be lowered compared with using two or more insertion-and-detachment 
devices. In the above example, although three waves are made into selection and the thing which carries out outgoing radiation, it 
does not restrict to this, and it can choose and outgoing radiation of two or more wavelength can be carried out to pans, such as 
four etc. waves. 

[0025] Moreover, although the reflector of a plane mirror shall be located in a right angle to the axis of rotation in the examples 1 
and 2, shakiness of the shaft at the time of rotation actuation may arise at the time of drive actuation of a driving means. In such 
a case, it is considered that it also becomes impossible for a reflector to maintain a right angle to the axis of rotation by 
shakiness. Even if it is such a case, the configuration which can maintain alignment precision is shown and explained to drawing 
6 . What has the same function as an example 1 here attaches a same sign, and omits explanation. 

[0026] 36 is a driving means which consists of a stepping motor, can make the rotation drive of the HR13c able to carry out in 
the direction of an arrow head which shows a shank 32 to drawing 6 through a driving shaft without illustration, and can change 
whenever [ angle-of-reflection / of the flux of light which hits HR14c by this ]. It is an output detection means by which a beam 
splitter consists in 50 and a condenser lens and 52 consist of a photodiode in 51. 

[0027] When HR14c is placed on an optical axis L2 like an example 1 and outgoing radiation of the 532nm laser beam is carried 
out from the output mirror 15, it will be reflected by the beam splitter 50 and a part of the flux of light will be received by the 
output detection means 52 through a condenser lens 51. A control section 20 changes whenever [ angle-of-reflection / of 
HR14c ] using a driving means 36. and makes whenever [ position angle / of HR14c ] determine so that the output detection 
signal from the output detection means 52 may serve as max. 

[0028] Even if it is the case where the axis of rotation of a shank 32 and the reflector of HR14c are not maintained by the right 
angle according to the backlash at the time of insertion of HR14c etc. on the optical axis L2, by using such a configuration, it is 
possible to raise alignment precision. Moreover, although the laser photocoagulator used for ophthalmology was mentioned as the 
example and the gestalt of this operation explained it. if it is laser equipment which changes many wavelength, this invention is 
applicable [ it does not restrict to this, and ]. Moreover, not only solid state laser but gas laser etc. can be applied to other laser 
oscillation gestalten. 
[0029] 
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[Effect of the Invention] As explained above, according to this invention, reservation of the alignment precision at the time of a 
wavelength change can be made easy, and the laser beam of the wavelength from which plurality differs efficiently can be 
obtained. Moreover, even if it is the case where three or more waves of laser beams are changed and outputted, an alignment gap 
can be suppressed as much as possible by setting the drive of a change to one. 



[Translation done,] 
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[Drawing 4] 
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Siaot Melt l » U"— !f * £ tt»* S « 2 u-if 3t 
«r**H-fi* 2 *M*.S i t «rW»ti" 

i #«#¥jrxh:* 2 jtiso^* < t 

t-#KBB* ixfc*****?-***.* r. t Sr#® <t 

mm. 

[§i#*S4] §f*^i roi'- tfB«fc*JV»T. fifriSSS 
2W¥ffiS7-i:. ^2¥I57-!r^¥I^|S)l: 
^^3t!SSa»r*ii, »T IIMBB- l¥i?7-i lig*-3{£B 

UfriElfc 1 2 u-f-'jtiiiftjtc*^— ^'3te**i6i- 
iii**5j ' »*«4wu— !f»fi»c:43^r, mess 

6 ] ft#Jg 1 ~ 5 cnMtifixD \s— y-'3SBtt, 

*i*¥B5 5-<0R»A**Bfc3H£3A*«B*S 
[lf*3S7] ffi*ill<75U-f-*^Blc:*5v>T, Sflfeu- 
{*u--!flK*-e*>9. MfESiU*^t|g2#*SfiKli 

5 u— !f £fi. 
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[000 1] 

[3§W<o(3-t-5i£fl5#lf] *f§^l±. 1£&<rc&ft<7) u- 
10 0 0 2J 

10 — ytiZfr*\hixX\^, riioli, fttt^teBSttf:: 

rii, W££f<L>l;:i£g (fe) witnKJ:oTj|*3 
(Aft) wtea?£fror*J«?, geft (AM) KJ:o 
ri±^t&*.fc*<Dg*3&S (fe) SrffWfcXttWft*. 

rteffl -r 5 3 fc*>. l^gft-stros*^ 

ttftpr*«3U— !fil&*8Btt«*|EXH:^ U-rifrfc 
9. U— tf^^-^M#^r'fc-5r #^**®73£ 
20 ^ir-TSri:, ^e^ASft-r-5^i:*<fc'Pp^M^#v> 
tub. B&u— y-'Jria^g^lgwrtl*^— tf-'£B# 
W%$4xr^3 0 9*1*5:0^, CTxIi^m^A 

(C,t3^¥2001-248714^-«r^-r J: S =p—^.<D 

**«*t«r***«Srt tefftt*-** r t jc: «t o r #«g3t 

#t§^£ixr^-5 0 
[0 0 0 3] 

U J: 5 ir-rS^J®] #^2001-248714#- 
r-ttiSfi^J 9 Wjtl*tK»-f 35t^a5*twlS:SrM73'>* 
30 < £-£ZZ.kiz£V^ T=74* ^ h^S^SSff 

[0 00 4] ±IBIHjH£frB*. 
[0 0 0 5] 

40 [SJSSr^-rsfc*^^] _ti£SII£fl?ft-t-5fc* 

(1) S*5ifie<7?u-if3t^tii#ft--5u-1f^fir 
fcot, u— !f»«*4:, ggt—lf^aillSr^r-ieB 

^-^r^w^E^lSH-^IS^-tirrSfllE^ 1 

50 5§S^ffl'Jro*S7tSSr*ffli-3«t*l^, tw¥I5 7- 



1 ~ • ' ' 



(2) (1) atE&l^Tfc 

(3) (l) ©u— ifiS«fc*iHT. lffiE*?jiit¥^l4 

(4) (1) ©U— {fStKlCttfr'T. flflESg 2 #H3fc 
¥3R feflMS"*; 5 M 1 <73 5 7 - 1 I4H * 5 IS 2 © spffi 
5 &jfl2¥ffiS7-&^©¥ffi;fr|6]K*M&£i£ 

s*2©#rat*Br-e*joT. rnrsa^ i *«#^©3t!& 
raic*5^x9tiia^ i ¥bs «te«cif«i- 

•582#Mft*»i:, #JlESg2¥SS7-©7tSg^ <£>ifA 
t J; o Tiiftl2Jg i trtjtf 5 Stria i^— !f»«E«t 

2 U— if#:i:»±S&5 ^'3tSr^S-r-5m3* 
«e3t*^tSr«i^, SfriEmi¥S5 7-w#jui#.SiS{r 

(5) (4) ©u-if3£«iw*5^T, ^ria«i¥ffi5 
7-i:^2 5Fffi$7-i: ttm-03fWft*«fcT#*Jte» 

(6) (l) ~ (5) ©{SJftri*©^— «f3£S»4, £«b 

ffi5 7-©Stt£«&^fc£it5:fcS^3MS:£:, SrflS 

(7) (l) ©u-fiStliJiV^, lttlBU— 

&53§«il&<7)$&2ii53ai££U'-- !f*t L,Tf#3fca6©& 
[0 0 0 6] 

[«*§©**©»«] «T, *%BJro^i£OT^Ii$rigffi 
< sHiteM 1 >3Hfc0! 1 T-»4 2 &ft© u~!f fcSrSttttfc: 

gg^fcT-ifc 9 , u-if3§«3§ 1 0 , i — if ?t 

£».#§B©Sgpl::>g#; LTJSfH-* 

Mtttt2 0^5lK^$iXTV>5. 2»41£B©=>' 

^-yf2a — ifR?JW&#£$J£A;2ii--5/i#© ! 8- 
Mx-< Vf-tfmt hixx\, -<b„ 3 ft i — if fiP.3t© h U # 



(3) 2003-204099 

4 

7 h 7 >~?X'$> t) , j&#lg£&f£-f-3fc*!>©®?5S*^ 
<t^3t^W-gfI5i:7J5(i^6.ixTl^ 0 .5 f4*<*: 1 rt> 
e>©U-if3te&;* !J y h7>-7*4»Cjg7fc1--5*:i6©7 7 
-<'<X'&Zo 6I4*U 7 h7^7*4£.hTSH-2>Jt«>© 

[ 0 0 0 7 ] El 2 Jol/>-C, 1 0 14 u-ifSUgSf-C-fc 9 . 
rtSBlrttU— if^tEIISt LTWiatfcu— ifSEfTT-fc-SN 
d : YAG^fs C£1T. y Kt t></^) 11.© 

ig^T**j5^i*:u-if (KT. ¥lrLD (User Di 
10 ode) <fc>bl<>3) 1 2, ttJ^4ft«-C*>S*MftJgJfA 

(J£AT, JjMrNLC (Non Linear Crystal) it>^5) 
13a, 13b, ^RW5 7- (WT, *lrHR (High 

Reflector) fcfcV^?) 1 4 a ~ 1 4 d . thJ] 5 7— 1 
St>m*-hiXX\,^. ftja, ^Ift^SirLTIi. KT 
P&bV LBO^S. BBOif B fi!«l^ffit-fc? t 
*3QK »«T?H: K T P Mai Sr^ffi LTl *5><, 

[0 0 0 8] Nd : YAG^ttSbiETtllid^roSll^Tt 

20 ^Ig^^rt-CtilTJ^iStV Sl 064nm, #S)1319 

SrfiJffl LT^$-a:-5r t»c:J;t), »5 32nm (^) 
S.U ? ^J6 5 9 nm (#) O 2 fe£0 U— ifJt-SrffiA+^it 
5. 

[0 0 0 9] ny Kl 1 *«EB$Jx«>3tttL 1 <Dft&<D 
—matHR 14a ^ItfeiX, teffil^»±ffi73 S 7— 1 
5^Bff^S^c«1-^»tTK:»t?>nT^-5. HR 1 4 a 
1 0 6 4 nm&tfl 319 n m<D$£.f£(~tt LT^R^fco 

30 0 6 4 nmRVl 3 1 9 nm©^SSrWcM^iS 

ai7l5 7— 1 5(41 0 6 4 nmMl 3 1 9 n 
mWiSgSr^^t-t-^,!: t t>C 5 3 2 nmS06 5 9 

n tn^ia-t-S^ttSr^o,, ffi* 5 7— 1 5 (D&ttfift 
(DftftiL 2ii{r»4, NLC 1 3 a iHR 1 4 b#@3t;* 
nXKttt)4xTl>-5o NLC13a(4l319 nmWj£ 
ftlr^bT, ^co^-iiii?i6T-*>5 6 5 9 nm<E>i£fi£- 
5g4$t5i ^JCffig^ix-C^-S. HR14bl4l3 1 

9 nmSU6 5 9 n m\Zft UT^$tW#ttS-fif0 0 

40 looio] rroi? 4:%$EII: 4 f . oyKiii 

^AyT'TtttL 1«HR 1 4 a ,t3tttL2±roHR 1 4 b 
^»[S)i--5-»<0*Sl^it^^O^l <D&m%.¥&tf 
mi&Ztl. NLC 1 3 a KJ;oT$§£$n-5S&-£fIBi£ 
(D6 5 9 nra^ra 7 Kl 1 l'TPfl££;tx3 r i'i< . th 

5 i-vmnti-zzttf-simxabz. 3t 

IfiL 1 tJtfefiL 2 (Slt^«) »4UXS^ 

[0 0 1 1] 3t^L 2_tcoaj?J$7-l 5 tNL 

C 1 3 a tORaidtt, ?®$7-T'fc5HR14c^1f 
,5.0,. JJJ,5LnEf^.fideStv5» HR14cl4l06 4 n mRl/5 
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3 2 nm»r»LT^S:it<75^tt*^o 0 HR14c©5 
*f^(6)03tl4L 3±fcl±. NLC13btHR14d«! 
@^ICK»t^iXTV>-5o NLC13blJ1 0 64nra 
W&5»C^tUT, -5:W^~ii5^i6T**jS 5 3 2 nmWfe 
g&?g££-l£3 J:?t::ffifi£ftT^3 0 HR14dliH 
R14ct0i:< 1 0 6 4 3 2 ntnKSLT 

[0 0 12] Z<K)£?t!:yt¥&miZ£<9 ^ HR14c# 
3fettL 2±t'lfA$ixfcB#^»i. ^l<D*S3fe^WH 
R14a, oyKli, iiitl 5.^—1 5-Sr*fflU. HR 
1 4 a <b HR 1 4diiiDy Kl 1 StJ^A/T— 2*<£>#tl 

TttfebL 2 ±~.<D«ttf±, # flfclSg 3 0 »r J; o Xfttotl 
3. B3tt#I^B3O0lftjft£rCTL£*H&H7r^<5. 
[0013] 31 ttJKft#»-C*> 9 . *»S«Ttt^f 

y\£ls#-*— flzmhi* , EHEfcBrofMfcW-e* 5 «t 5 
**-C*)Jxif J:v\ SE»^S3 lKtt»«-au*r3 3 
L"C««3 2^*^*iXT*S9, Sl?g3 1 WSESEUr 
it)*4SB 3 2 7JSSIE-*-* ipC/foTl^. St. 
3 2 (-1* 5 7— ^^V3 4tfEURlto\Zlet LTBlf^roWft 
*»dT«ltl(+»tt,n-Cl»4 Q SfeKHR 1 4 cJi-e<DS 
ttffi<75¥E^teS>5 3 2»EI*ittl=«-U-CiIfti:JtC« «fc 5 

!SfigSr<ixSlfflft¥-i53 0tc:J;-oT, HR14c<4Is]te 
ibm=-c-trospE*i*u=IWb*Jx. #6liL 2±fc*fflj££ 

[0 0 14] Sfc, CW^fctEMtaftfNr <}:•?, HR 1 

fcttmzftftiL 2)J«Sfc£>fcVM£fi) I'HR 1 4 c#fc 
5i:£»cf±. ^l^#fc^3t^Sr^-rsrti:^.5o 
[0 0 15] £li©i5**rt*«*^--!f*«H* 

< 6 5 9 nmCOU— tf^fewaiSt^jfe>«#»ij6Sjg^^ 

ft) Sr^fe (6 5 9 nm) *feO»jR8*»=»4, 
H R 1 4 c 1412 3 Izmir £M<DitLm t &oT jo 9 . ftiS 

l 2<D$\-{zfg.t>*tLt><, is— fytomttmwttr y 
i/^3^ttfflL-r. »gB2 o\z&,to<o v y xm^** 

S52 0I4. LD 1 2l£®»ft£en*TU LD12C±oT 
D y K 1 1 Srlbig-rs, #*5. Kl 1 T'i)5N d : 
YAG££<£>jffijiSBffil::tf\ 1 064nra, 1 3 1 9 nm 
(X*)-LTSig-l4Srii!*'5«t9l-AR (Anti Reflectiv 
e) =>— rw V:/#iS£;h,Tl->-5, ByKinJiifii 
HR 1 4 a t HR 14b 1 3 1 9 n 

m(OttS*!i$K, *fe»c3fe*lL 2±liES$^fcNL 
C 1 3 a K«fcoTfg2iiisSi£T-<fe5 6 5 9 n m(£>7fc»^i£ 
»t>iT,fc6 5 9 nmrou— i^'jttt, tB^ 



T\ *y y h7 V7*4<Ofig$tD^P).S.#BS»3(6]»t-CfiMtt 

[ 0 0 1 6 ] < 5 3 2 n m<D V— ?]b<n\&to3;&>ffi% 
itm&miSiXJ vf- 2 a IZ «fc 9 , ^ftHzflWBt-'S I — 1f 
3tWfe (5 3 2 nm) <t^-5 0 fMWgB 2 

0l±*?fijfcg®3 0£IBf!i£-tt. HR14c?r5t^L2± 
fr<2«$-fr5 (0 3WIM1) „ SHJflpgB 2 0 

7y yf-z t>*b<n h y^fff-tioTLD i 21: 
10 *8tt4rSl*T£tf, n y Kl 1 £®!iig£-t£5 0 By Kl 1 
tfBh&£i\Z>i:* HR14a<tHRl 4 d <t.<£»fflT*li 1 

0 6 4 nm<7?7fc#£=M$4"K $ "bKft&L 3±lCffig$ 
ttfcNLC 1 3 b\z£-z>X&2?8im$i.T*hZ 5 3 2 n m 
<n%.\Z&&%i&£)xZ>. I#^t5 3 2 nra(7)U-f3t 
14, 7-1 5£jgi@U 7r-f'<5 — 3?7fe£;h. 
So -ttt, X]J y h7^7'4rora^(-p^e > ,f l ^8g(c|S) 

[0 0 1 7] «i-C-{4HR 1 4 c SrStSftfEfcJ: 

oT-tW¥E^[6l»r^lbLT7ti^L 2±KlfJK-*-S t><7? 
20 .tLTh^ r*L»iitl*»ftt±«**i:U-rtA^. - 
eO«fc 5&fl?j£<£>fci6. HR 1 4 c W^itfagO-mtf^g 
£LTt>, HR 1 4 c(OSStffi^7fe?4L 2^SfcoTV^ 

• -So Lfcj»ioTKtb*»3 1©K»IS**»CJ:»>. HR 

1 4 c<DSStffiO t F , 'Oi:3t«L2^fiteu^<Tt.m2 

[0018] <3£JS0iJ 2 >J»fetCl^lfe«al 2 T-f4 3 iSfWl/ 

30 — fft&mvi&iizmM-i-zmm&m^x&LWi-Zo m4 
o' w«ifi)cS:*i-i2iT-&s, zz\xmmmi tmmm* 

W^BT'fi. ftl 0 64nm, S^Jl 123nra, ftl3 
1 9 nm<7?3OC0^m$KfcM75m-i§S8i££. 
»**l«]fflL.T«dfe$-e'«Ci:»=J:9. I55 3 2 nm 
(i^) , ifet 5 6 1 n m (H) RUft> 6 5 9 n m (#) O 
3fecoi — if7tSr(±itt^*So 

[0 0 19] n K 1 1 ^ffiB$H^7t*4L 1 COfti&<D 
40 -SI;|JHR14a' ^^!lt ?>n, flllSs^ttai^ $ 9 — 

15' ^^S/cttMitTSSiJt^^Tt^, ::t-h 

R14a' l±1064nra, 1123n mfit/ 13 19 

^3$ 7— 15' ttl 06 4.nra 1 112 3 nmM 1 3 
1 9 ntn<75iS«$r^S*ti-5i: <b tt^ 5 3 2nra, 5 
6 1 nmM6 5 9 n tn SrSiii--54#tt<Sr<#-0„ 
[00 2 0] HffiW 2 T'liHiSesj 1 (C^ LfcTt^SBWIC 
HR14e, HR 1 4 f , NLC13c. &ft 
MtRm*6 0^iiAD^4x5„ HRl4ell HR14c 
50 ^1fflJt$-h-5f4Bt NLC 1 3 a <t <7)nairT3t$A L 2 ± 
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fcJfKWzeilSivO**. HR l 4 eWSIt 

^(6]<05t$4L4±lClt. NLC13ctHR14 f #@ 
JtlftKISltt'bH-C^S. ::tHR14eMHR14 
f J4 1 1 2 3 n m&tt'S 6 1 n mlw*t L"C^S^tW#tt 
£f£o 0 NLC13clil 123 n m<£>i£SK*f Lt, 
^W^-iSISffiT-fcS 5 6 1 nmifSti «fc 3 KffiB 

<7?*lg5t^WHR 14a. By Kl 1 , 5 7— 1 

5 £#fflU HR 14a tHR 1 4 f t^.n yh'llS: 

us, 

[0 0 2 1] HR 1 4 e £r?tettlL 2 ±fr*f J|$£ $ -fr 

5fc*roifJifcgB3 0' l±E15{r^i-J:5/iffi^*ffl^ 
5o r r-es%-M»K«ll3 o' 14, 3Ufe0!iifc*Lfc# 

JIfc3£B3 OK:?-?— */i^3 5SC/HR 1 4 e^ilDfc'o 
ttfflfioti^. i7-^y3 4iS7-*^/ 

3 5 £l±tt«3 2<D0iaafc»U-C**5*fl*fcT. 
«l&|5 3 2±W||#3{>m^£*St9ttftbixT^5 <> * 

fc, HR 1 4 c^TJ«HR 1 4 e lit -bt-^ffiS 7— T-fe 

0*£flil&+<frK:|5]<kR±JwS 7— */u^3 4. 3 5 

[oo2 2i m&mi tmm-. hrhcw 

HR 1 4 e cDS^i^-^SMBD^lHllciA^^LTiE^Hc 
#•5 <fc 5 lw$jh,Tt x 5 0 JtttL 2±tr*i(t^HR 

14ctHR14ei?:f!)ftll EHEK .fc-SSZtbSSI 

-5 £»7'»!£ <t5:t # #±' LV \ Lfc#o 
X, tegFB 3 2{C©9 Wttj^fc? 7— *^^3 4tc»i- 
5 5 7-*/^3 5<DS£g£g (>te:ftS) J4. *®3t^ 

[0 0 2 3] JW±ro j; 5 /jr^Srii^* U'—^WHSS 

«te*jv^r3«**»«wi=««. mat 

6 5 9 nmWU— tf3feSrttlW-r?)#-&l4, ffltt 
^13 0' &&/BLXHR 1 4 cSCfHR 1 4 e Sr^tffi 
L 2 7>>P>fl-LX:fc»7»4 <fcl<\, 5 3 2 nmWU-f 

TfefcSgS. mtt£-fr5t§-S-li. 1fJI&i£©3 0' L 
THR 1 4 c SrftttL 2 JiK{£B£-frX*3ttf4 <fcV \, i 
Wi:#HR 1 4 ettg»i6<j^7taSL 2 7>><b*Mx5 <k <t 
tab (EI 5 Ktil^XHR 1 4 c £3HfccQ{£Bf::Bl< */i4§ 
^) . it. 561 nm<73^-1f7fe£31§S. -5 
<§-&l4^iB£3Sfi3 0' &&/BUXHR 1 4 eSrftfc&L 2 
±K&fi$-£X*H7»4<fci<\ I©t^HR 1 4 c»4itb 
Wl^3t^L 2/>>bf\-iiZZ t tttZ (!2 5tr*3V>THR 
1 4 f ^S&Oftglrgl^fcm-g-) . 
[0 0 2 4] Z<D£olZ3m&<DW*)mjLZlO<»ftttL 



10 



20 



30 



40 



[0 0 2 5] Hi60iJ 1 . 2 Tl4¥ffiS 7— «SSt 

Ba*lHllstfi»wMb-CiE^H3fii:B$-a:'5 trot L/c*s. SH 

[0 0 2 6] 3 eji^^-y fv^-t— ^^fj/£5IEtb^ 
I&XfcU, H^#IEt!j^Sr^UT«iSB3 2Srll6{-^ 
i-£EW7f6)KHR 1 3 c SrEJifEiEftS-tta;: kfi'>X'£. 
rHiaoTHR 1 4 ctd^fc53t^C0RA4'ft^Sr|g'ft 
^tSIimS. 5 0lilf-^7-^^, 5 114 

3M£x-*>-5 0 

[0 0 2 7] H16OT1 tPMISKHR 1 4 c SrftttlL 2± 
Kfi#, 1 5^?>5 3 2 timWU— IJ-'^m 

&t£*i.-5i:, *:<r>i!tMcD— S5f4fc'— a*:t*!J 5 0«- 
iotRSt^H. ftffeU-vXS 1 £«Xffi7Jt£*P^IS:5 
2i::g3fc$4x3C.k<i:#*. 8HJ»&C 2 0 f4iiS7Jl$*Q#i3: 
5 2^f 5 rotB^feJff^§^ < t : ^5J:^^. mm^m 
3 6£{£fflLXHR 1 4 cOSfMiltS:»t4t. HR 
1 4 c wfcB^SSr&^-ttS,, 

[0 0 2 8] C<7?£5ft«j££rJJH>-5r£K:J;!). 
L2il;HR14c«tfAI§©^ymj;ot. «b 
£B 3 2<D[eltetti:HR 1 4 ctDKMffit^E&^i*^ 

•5tro-r?l4^<, o is— ■V&W.X' 

if < u—if ^. <aro u—if &mmm\z t> 

[0 0 2 9] 

So 3i6SW±rou-if5tSr«]i9#x.Taa^-t-5 
[ElfficoJSi^/itftB^] 

im i ] *^tfe^S-ettffli-s u-ifa««)^**»L 

[HI 2 ] Uttffil 1 W7t^&t>'SiJffl)^S:^b3tl2lT-$> 

L3 J Ill i J^MB £, & BBB mnmriy.Z^i't-.m 
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1 u— ^SSB** 
1 0 

1.1 Nd : Y A G#aBB 

1 2 iMW*:u— y 

13 a, 13b INiSUSA 

1 4 a — 1 4 d ^^tt S 7 — 

15 Hi2>$7- 

3 0 ffflfc&B 
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(51) Int. CI. 7 BffiiJR-S- F I 

HOIS 3/109 A6 1F 9/00 5 1 1 



F 9 — -A 2K002 AA04 AB12 CA02 DA01 EA30 

HA20 

4C026 AA03 BB07 BB08 FF02 FF03 
FF34 GG03 HH02 HH16 

4C082 RA05 RA08 RC08 RC09 RE02 
RE35 RJ03 RL02 RL13 RL16 
RL23 

5F072 AB02 KK01 KK05 KK12 QQ02 
YY01 
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